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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve carrier tracking 
capability and the performance of a receiver by 
compensating fading through the combination of pilot 
symbol interpolation and estimate by the decisive 
feedback successive least square method. 
SOLUTION: A known pilot symbol periodically and a 
sample corresponding thereto are respectively inserted 
to a transmitter and the result is extracted by a 
receiver. A phase and amplitude estimate device 7 
adopting the successive least square method extracts a 
phase and an amplitude of a delayed reception signal \2 
by the adaptive algorithm based on a detection symbol 
d1 resulting from a slicer 5 receiving a compensated 
signal i3 and a known symbol, p2 to estimate a product 
type I/Q component. A delay block 4 is provided to 
compensate fading based on a phase and amplitude 
reference 21 estimated by a pilot symbol interpolation 
device 1. Thus, the reliability of the estimate is 
enhanced, deterioration in quality is avoided and the 
estimated phase and amplitude is continuously obtained. 
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1 

7 * - > ^ {C J: & fiara0AfR££®ttffiKCflftB« 
&^13&/J\Z1 (recurcive least squares: RL 
S) KJ:0JiSE-r«RLSffltt«ac«B««t3e*«t. 

mmmc* ofwi^>^u*w&r *^>»n^«Be# io 

Si. 

4>& < <h fc§MM#&jI®^*ta&©iIi*^l8:<fc. 

«e*wnjtox©R l s atiLffiKc^sffiss^s 4 

[If$g2] W&<-fB» ri^^rtftStitB&tfJi 

fii 0 fc«^* twa ^ > jKjuwe^rk a# o . mm <* n 

fc~»*f;l/4. gt*D©^-f r-»!jOl/<t:£iitrfERL 
SffltfflRtflM(^¥glK:j§SAau ftTIBRLSS 

4. iK«nfc3M«#4CC»^*WriBSII«fflS<Dtfl[« 

scwai©«Be«*j|tm-r&c &*4ttR&-*'*iii*3i 1 

lets©* +• ? K 

1 tats©* f y r raa:*- » h . 

[§ft5fc>B4 ] buIBR L SS^&eriMOJKMfcft 

(RLS) jgj6TA:JyXA*ffl(,»«C£*l$« 
[M$3I 5 ] ^ * - V> > ytc J; &{oMSS©ift$tt§!iS©J§ 
O'^WXttA'-Zn 7 r ^>tfOU=S:1?irfeR L SM&tB 

Jg£ffi*m>TtttB&C«4ie*flt'r&» 1 ©fttB&tf 
J3if§«^K4. 

tmimmK&**Mi.>xfflBR.vmm* mm.-rzm 2 

©titB&O'JSiiflfflflH^Si. 50 



^¥9-64 9 3 3 

2 

siras 6 tats©* + y r rawa - 9 f . 

r l s&tttBRcF&MBiBe^cc «t o m&zmmm& 
a©w*«cfflftiin»K8s»3ti. aestifesflMr*© 

? r o 

[811*519 ] lWBJ/»lfJHfttH#S*i. 
IS*J16 fBi8©MiB^ 1 <DtiEtBKCnt491Mt#it(DttA 

*fl§(,»r^>#^**karr*» 1 ©w^si, 

HN8I 6 IB«S©MIBm 2 0ttteftC^-9ttft#80Htt) 

vr ^ SIS 2 ©«S#g £ . 

c 4 «4Hft 4 1 m>m l f Big©* * y r BBHa. 
K 

[iras i o ] mffsiB i ©ws^&a*. wnem 1 ©a* 
Rc/ffi*i*i«^iR©m*{cfW)BjtgK^$n. siriES 

£3S*<h:n«&IC J: •5{4*BSy ! Siliffi5£©*ii3©§jSA* 
*fctf>fc«f ^jJOUflJEifr ft 5 C 4*» 

«4-rsn*9i9iEttc!>^-ry7»n^9 h„ 

[flUKSIl 1 ] BiTfam2©*iJ3£^ie*i. mffB^2©fittB 

[it*^ i 2 ] mffaaji#©3{>i. 

IWS^-f a » h ^>^;urtJfMfittBRO*Si>Ilfl^^®{c 
mi©ilM#K4. 

H-rlBR L S att4B&0M^^«©iEftttEttttHRr 

S02©ilS#l9:<t. 

**t?ci*»«4-r4i»*BiiBtt©*i'yrBi«ia 

ctt*^ i 3 ] mam 1 v>w&^wfi. &mm^£&m 

f B/f 4 a v his > **rt»ffltt^iMSIW(t3e*««: <fc 

StiWSI 1 2fB«£©+ f y 7PJ»§:x.=- h. 

4] ilu!afII2©jI5*3M8a*. 
L/TftffBR L S mffiR&SSinemtfC J: 09l#iSC 

b. ^§?s/j>^ffi©a^«w^t©Bas5[<!:3n. a 
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inxm i 5 ] fria h b-->^&#t. m a » v ^ 

[000 1] 
[0002] 

[Sfcfc©8tffi] 3t-u>Hteg ( rftJMft&j 
5) il^ig^C^^i^PIW^SiCcth^m* 
^©j£-C«ftSfc©-C&So LfrOfc#e>. |3|»!&i& 

+ y rajctt. 7i-y>Wt *;u©b$^ 
f$tt©i?S£t8S. fwi^uiifii-'X^ACcfcivrigj 
Wt^KJ^TfefceSftSm^^B. §#&(c*r 

So 

s. 

[0004] sa«c7*-y>y». ^4v>2)i>yra;<D 

n/<*F (jam) ^{4fflfti^T^=fyXA©^P«!: 
l,»ofcl**6. S£3fc. ilfiEifett^^©tt©#iaiJ(I 
ft&a*:? x -y >d/^ + *ji/Ccfc<,>T£ttto(cm>6ft 
"CSfc. HX!S1»l(c2l»6©«sj^3tiS&6tt. ffi 30 

[0005] »^(cpwB»m«ffi(r»«$Hi(usGM 

(m-psk) *>2>mm3&m@t.m (m-qam) ©<t 

[0006] #|^«»K^SI3M»(^0«A«ff± 
©f»J.-£B. * + *JH9HWt (*t*Aa-f^f) * 
Sl*B|5l — 9- + (cochannel interference) & 

[0 00 7] y-7*-5»i/ (Raylei 40 

(*i fading) Ct<fc oTTJSift. ? *->HitI#S:§ijICC^g& 

So 

[0008] 

itSSS] * + yr©fittB&PS 
*i«ISi*«36C7*-^>^* **©SWSHB (mult 
iplicative distortion) <Dffl&.F8<DM'X£2.-&'^—i%& 
(Recursive Least Squares, f R L S J <t 5 ) iC 

jisauer^yxAim'Sci-c. so 
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3ft. *85£ffi{C*rrSflngtM-MX (additive noise) 
«fc SSttBmr *fc»(cUOIKI!*£ 3ft WftB ft 6 

[0009] cft«. mmmfaM*-* vrmmmttt 

(decision-directed carrier synchronization archit 
ecture) ©i&Kf&fcfttlc-r*. fffi@BflM&9 <«JEl,fc 

mm<oiy>^)v^m^r-x<r>nikm^n^i3m) b. pl 

L (Phase Locked Loop; mmW^-^) £dH$©l£ 

m i^is if tv?) ^witish, sterna* 
( causal ) mestzmims^m Ltrtm «c t » 1 1 » 5 m 

[0010] #^ft&tt*BR&!SM©lK££ Ottt. 

* a - > . mBR&mmmm&m&&m-r s 
*ftKBmftestes<?rsffi#©jiMH9£©fl«> 

«efBfflffl**yrH«WSCr«c:©J:5K 

[001 1 ] 3*S!«/J>r®ffiK:«fcaai£;r^=fyXA 

5- MX©US£{£il£-rs/ctf>. f 1 J «cjac»fc©-CJ5: 
[0012] < &ft«&£«<!:, *n 

si^-f x<dk*»/i> 3 < a s # . ftflissogftec** 

?SBSaUKt2ii<tt&. fi*tttt«MW«** < &ft« 
RLSflt£«©tt%t2Mr). -e-©t<b*5*§S 
BttcffiglciaffiSS ( r 5 ■> * > ^jl*£) &B<ciK 

«c&. c©iBJEjBS». *!£?^3ratirAtc:bi*?tt 

[0013] 7*-i?>^«:iaH-rs» aisstfii^is 
&8@gs (WWfcfti*^:?* locator:? *-s? 

> ?SI2*^©VHRfMt©ftff £ L X$kt> 3 ft S ) © 
i . -eft 6 < TCf tttttlBC^b* *> A; 

6- r. 

[0014] c *> Ltc^mtj:(tmmb^ mmmmmm 

MVXf-ACDJ: 5fc{4tBiIM32->x?- A{c t -orBK* 
*?l*ecL/. Ji«««cc:ft6©^^) p c^>jK;u*ffit> 

<o 

[0015] » - y > * y fti^-©®^ 

^to^scit?. 4 t + yriiattA©3kft«r*»tei&o. 
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[0016] mmmM.\z. t<o£ ^^atcfc 

oT&/Mt3ttS#. &»3g&£5c£CC|&3;-rSC<!:tt 
[0017] ffcfr. 'UP v r -»sK;uortif*SKJ:b 

tgs^tntism*f#-5. io 

[0 0 18] ts*>ls£*s&. *SJ&rtlf ©J: 5 &ffi«©^ 
t, 9 7 x ^ > ^ * + * ^©J^tSSSriESgK: 

[0019] furantt*3ttt?sA:«. mi* 

•5 •* i~— 7 * )lit (Winer filter; -f >\s%~C8> 

0, gttfg&t&frDK&e (t> ©2»¥*3tf**/Nc 

©n-i?*sg#<*ns. 

[0020] m~>x. *mwiz> ±8BW»si{c«*ra 
+. y TB»ai * v *mklr& fc©t»*s„ 

[0 02 1 ] 30 

*R £ . 7 x - > ftc J: S£j£SS©fii«l!!M©&fflR 
C>*8Ri|i ; &j£;&S!&'J , >— ( recursive least square 

s ; r l s ) «: j: o r l smmw&vmm& 

Jl4l£#£t i . il><c< i«» §(t^#*®£E-r £ fc«i>©jl 40 
. MIER L S fifi^P&MJBS^gl* An*) 

[0 02 2] mrta^v o h s^jJOI'FWM 

U ^tH3n^i'»^U<»: > KftO'Wn? ri^sfriu so 
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t ^HtriBR L S S(4*BR^»i«l3£#©«cJ§JiA* l> . 
Ml B R L S Sfi^eflBMtt£¥&» . 3 *i 

»^O0IERLSS^ffiKCnSHIfftS^». ^2 

^©*tS£lfi5k©-r*S (C©*g£, f 

JrOfffcttS) „ 

[0023] ±ie©*p < . * + y r ranm© 

TKKB^ffit*. ;^o» ri/>#;l/©rt*P±«50WI 
(descision-feedback) MRL SifJEi** + y TWIM 

[0024] * fc v ^ftPi©* +. y r » h tt. 

©t£jfcsSft£@iS-r * c i*i-cir So 

[0025] *l/T. *«?B(Cte«,>rt*. 

n. bp# ©fcDHi&dsKxsti. 

[ o o 2 6 ] *»)!*si«-rs3rAtt. mmzti-tt?* 

x-i^> y^- + ♦^ttJRj&iai-r c i*sr #So 
[0 02 7] ^^icfcurtt, 

S. cn6©«!5£«. 7x-iP>yffl«i*Bii©PI»i-> 

[002 8] Sfi«* s S^ ^ -> > ^ ^ ^ ^ - ^ (0.5 

-r^ffi«*fc«sj£-r-<# ^©i 
[0029] *itr{ctft«snfc^»i<;i'B > gKo©/u 

[003 0] Z%Sflt4\=3lt&<c J:<SAffiSC»S«Hie£ 

ffliit7*-y>^t* ;u©mssf^*«5£-r s. 

[ 0 0 3 1 ] Z^Sft4\=illi%tcj:&ttSIB 

[0032] iCST. jl^US'J^ ^ffi©jSlST JUrf 

yXAffl©A-*feS*f=tw^» r i j tcifi< . 
ffltts«c*,w s ^ z<Dmwz<&m-r s awcc^ffl 3 n 



[0033] «5£fC*sW SilMiiJitt. «5£}gtSjSf* r 
y7l^J88ffifc:£or$«fl<j-c*>&#, *ft9ltt::bi>r 

So 

[0034] mfrnx&t br«. sm^tcjijii^- v 10 
[0035] bfrbte&h. ^Bjsctec^ri*. gftfc 

C ne>©^«fibtlT* 9 £> -£> 4>© £ & S . 
[0036] ^WiWJi^-rS^SCJi^ f < i?*JlM<D 

[0037] «Vp ? f-»*";H*3lf £9USM9ie^[ 20 
[003 8] *8m<Dtt*m<.> ZttK.J;K>> a*© 

r^>#.»u©#*<Bs*u »>B'U05 h^-^^ra 

[0039] 

yr«7C». ?*-i?>y*i'*rt'©B»EWe©l»* 

[0040] $m?B, ±ia©ip< . * + y r mm 

©ffftr^Sttfc^PfBRSftS. 

fcJ:SaiCr*:JyXA©aftft:q#*&£*>U *nt 

IH^fCge*<DW^ft§9il»i£ (descision directed con 
figuration) {Cfcl^Tl^ffJ&llgJe (a>^7»^) 31 40 

[004 1 ] £%^4>=3M£<c<fc«tt£tc*sW£i&B 

[0042] 3#Cfi*4MU£&Jfl£ ( R L S J©E) ©ft: 

*©S^»l*;Wil«S6*ffl(,»*C iK«t QIKXMKM&d 

[0 04 3] 7 j-i5>^t*;KZ)SlIlffl« 
SbK/J\=IIIS(CJ:&9ie7^=fyXA». «^©ffiSi 50 
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flNUE£%4»U (additive) s 4 X<DW&*®, 

«(e<Bif.u a«©i'i'iK*rt*wa«:»or. eftusn 
ju©k«isikl. *i»»^^os» h-»^M©B#wra 

[0045] 4:»«©<«RR^A9Ta. HTOttMlO 
Htt©)$n©ttm4»&£9H6*>&%«9. CCK. H 
iH*tt#K:iWPIt/c:fe<. 

[OO46101B, 4^©~-%M0fgMtCisttS£j£ 

* + y 7l5j»3:x- * r-tt. rtJ*£. s&s 

it©tt*Hefl!t»3. 
[ 0 0 4 7 ] B2B. *»!P!©— &M0Btt<C«5C*S''C<r 

£8t5£ & *fl*£fcttft:* + y TRW:*- v Y ©^o * 
*M(H£ffq% , *'&<>©?&*. S&Sft'KUR&tCfcS 
BiStji- =f y xa*i. 7x-i/>^ft* ;u©^a^M 
©JftjetcaUBS *vct,»4. jE»ffl«*caHffi(C J: 0 JSS 

[ 0 0 4 8 ] H 3 B. #&93©— IQfcJgag&CfcWS&ffi 
5ttm*£*©fll£tt&©n©limS*ttC?3t. 

*=jyxA*«t»-c»»sti4. ^mm^commmit. 

©^tt£ft*-rSC£tcj:r>$jS3tiS. «*. cc 

r«^>#;uiHff#©&i^m#i^$nT<,>6„ 

[0049]@4B, ^«©— 3dim.t*5tt&jK3C 
33*'K=31t&<c J: £^©fc«>©ft#:fri££E8?-r S 6 

©-c*s„ 

[0050] 

[^©SI!fi©^S§] *««©— «W&»K*rt»Ttt. 

[005 1 ] SISfflfD^-X/O P«BI^EfHIAfi# 
7*-y>yKi8H-r*SlfflBffi©l(l3e«:ffli»€»ti 
£. ^x-l^yKJrSSMBSffiOBffitft^ <in-phas 
e) 4KS^S^ (quadrature) I/QB. ig^^ffl 
3n. ^»S^©1 /Qtiti£fli«:J:<a&0ft:«>©&3 

[0052] 7 x-p>^tcjeea-r2ni(Ra!iE© i /q 
fiS^©fi«Hitt«tt <o-^i*tt> «. m±m-^9h 
mwmmRvmzm&mmm<D& < ©«aimHnii(c«i 
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[0053] *mi<D-mmzi&-mt. {ffi&&mmm 

&Lr»ffifcli«*J?#f|HJflP (AGO KIt,>SCifeT 
[0 0 5 4] ^-{Aj/?-SiiS^Ui/^©I^b 

[0 05 5] jaMB«H«WW«:8!B9l©5/>jKJU-ra:to% 
'Uo» hf»J0l'*#AU tmivYis 

^ + *;U©fli«lS©«^ffi£^J*W-&©tC^-fP? h 

[0056] cneo^'fDi-hi'^^JHi, 2i>aa* 
ffll>6fts. 

[0057] C©7 U- AflHSSGoStt. 0 1 (C^SCW 
iCMMZtlX^Z. SXOy H*M<i©'<-f P y r->> 20 

jfy-i v- u ftftctt -r £ f- * tc-x»-c &f5J3s©^b£ 
[0058] wmmAwn^A u?h zsistffr&mm 

[0 05 9] tbN/MiLri* 1 54Iil5*)©A ! ffll,> 30 

6ft. c©/c&. et*o©'»^©»A(ceEa-reja* 

{JMS-C^-So 7I/-A r) e:£©^-f a* h 

*»#A©#M&, Itlft(,>l5t*5. ftfc. &M 
# 1 J: 0 *> Afibftt*. — 3©*P? ra>6©'WPv 
hi"»l«JKC»a?r41f>^tt. SSI l/T¥ 

[0060]I24#iUt, ^P ? hi">jJOM*3}¥ 40 
Sit*. RfcravW P * |-»3jOl<p 1 *m>T{iffl& 

[0 06 1 ] A^D„h '»sPjUW»S 1 ^VD y 

r j/»iOWc J: 6ft* * + *Jl4R£«*ntt 0. 

[006 2] lg©^-fO h is>#)l>f*lfa «. 7 * - 
^>^1i«©/c*©fi£3fcSJBK:*J^-C^-C*S. ffi& 
©^/"^^F*Jlf (Gaussian interpolation) iiSJ^jffiSrt 
f? (low-pass interpolation) ^IHi^Jf^^f (linear 

interpolation) CWJg^CCjS/BSftS. 50 
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[0063] wa&rm *«Tccw#«c8Mir 7 * - 

;u{c«fc0^^.6ftS^ + *>iuaiJS<il«S(i<l-^i i©*t 
lSt>^;i>fOj hi/>?K;Up 1 Kior^gfTS 
Ci{C<tDf#6ft* (lttS3ft-5) . -€-0r. Cft6© 

8£S«i« -/ a xtc j; o r» 3 ft-c t» s . 

[ 0 0 6 4 ] ;W P v r -»^JU©^M^ 1 «fc 0 fe^t 
*ft«. ua» h{cot>rcft6©Jfl3efi%¥*Wb-r 

7 * ye^8»isMffl©a*t-r a ? h 
#.ii/88iyj(c*ji>-c— c t hhs&s ft s. 
[0065] mmifmmmmz u*. xa ? i-ntc* 

l>T2i©ieT5XD» r ©*§}&*}»«:<£ oTBtjE;* 
ft*. 

[006 6] 4>&< i & 2 1@©X p y r#>6©;-?-fP ? 
h-»^;l/«:«fcorifl3E3ft-S7 x-£?>2^* *->!/© 

[0 06 7] 7x-S?>?i!8t9X®lJ5&#&Qjft5)-«: 

te. ^i^^jU^ (polypahse) ll8giffl«j§*ffi«ia« 
[0 0 6 8 ] H2«ctet>r. /n^3tssnsfi[ffi 

scwnm i * s . o » h ^>#^rtJ«B 1 -cm 

«MW /c»§««# i 2 tctURKtf l/zi 

•r -s. 

[0 069] * 4r^-Tj!S£D 1 ft. ^-f P h 

[0 07 0] X7Wtri-r«c*>^^n^d;5«. 
^J"3"S (Cft* r>/>;}<;|/^^ (symbol decision) J 

ic^) . cft6©^W'»;i<;u«. s^ltS/h^ii 

[0 07 1 ] at-W>h{C^Hi3ft^: (*-frb£Htt 
*fe?S3ftfc) -»-i<;Ud IK. a^cS«/h— mfficcj:* 

<bite^Sft-5>AS. 7U-A|§I»i*ii53£3ftr*s«3. ^© 

»i#7U-A«MieaSK:|SH«3*it:i»*. *StiS^SS 

©%C^<at*A:(gS3ftrt>.5o :$» 8{C«fcor 

SSA3ft/cj®^D2«. ^a»4»4«C*W4iSlD 1 i 



(7) 



-64933 



XL 



[0072] mxmm'b-mmic ^zmuR^mmmM 

g < R L S titfBRtftgifiira 7 B. 2 tifcis > 

[ 0 0 7 3 ] 0 3 B. ^SlS/J^m&tCJ: SfitlS^ 

[0074] ix>!^;l-^lju 2 B. fltfftiOsKrt/d 1 <!: 
h-»?K;l/p 2i!&il CC^-T^-f ?^6£:fr 

&ic j; z&mtvmmwm& i ©fc«>©A#-e* o . - 
z 2(jrls wmuiwrnms.^ 7 ©a** <t & * 

[0075] -»Wu 2 *^«S!SCDi©tfflz 2 Kit 
SSI 0 1 (C-rSSTSCifCiO. Sft(t#i6©«l 

[0076] x^-«# e 21*, M#£&1 02KT, « 

itM#«i5£ffl i 6 zmmztitc&mm^ i 2 fruam-r 

E t = i I e 2 (n) I 2 w t-n 
n=0 
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